When two mitochondrial DNA (mtDNA) haplotypes of Drosophila subobscura compete in experimental populations with discrete generations, one or the other approaches fixation, depending on the nuclear background with which they are associated. The approach to fixation, however, is strongly dependent on the effective number of females in the population, Nf. Whether or not the ultimate fate of a given mtDNA haplotype is determined by random genetic drift depends on Nf as well as on the relative Witnesses. Our experimental results show that the mtDNA polymorphisms observed in natural populations are affected by interactions among nuclear polymorphisms, random genetic drift, and direct selection on the mtDNA haplotypes.
mtDNA haplotype is determined by random genetic drift depends on Nf as well as on the relative Witnesses. Our experimental results show that the mtDNA polymorphisms observed in natural populations are affected by interactions among nuclear polymorphisms, random genetic drift, and direct selection on the mtDNA haplotypes.
Most studies concerning mitochondrial DNA focus on determining the levels of polymorphism in natural populations of an ever-increasing number of species. The study of animal mitochondrial DNA (mtDNA) plays an important role because of this molecule's usefulness as a genetic marker in population and evolutionary biology (1, 2) . Implicit in much of this work is the assumption that mtDNA variation is selectively neutral, while little effort has been directed to the experimental estimation of the parameters contributing to maintaining the observed levels of polymorphism.
Tests ofpossible selective differences mediated by mtDNA have been performed either (i) by measuring conditional fitnesses of nuclear genetic variants in different cytoplasmic backgrounds (3, 4) or (it) by studying the competition between mtDNA lines that differ in restriction patterns (5 *To whom reprint requests should be addressed.
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Part of the F1 progenies emerging in each bottle were used to initiate the next generation and part were used to estimate mtDNA haplotype frequencies. Seven (12) .
The second method is based on a model of linear frequency change due to selection, which may be used to detect selection coefficients as small as 0.01 (12) . The We have considered an effective population size, Ne, equal to the number of females, Nf, used to start each generation, which for organelle genes seems quite reasonable (14) .
RESULTS
The changes in frequency of haplotype I are shown in Fig. 1 for population cages C1-C3 and in Fig. 2 for bottle experi- ments L1-L8. In population cage 1, when the two haplotypes were monitored on a mixed nuclear background, the frequencies changed dramatically and reached fixation of haplotype I by generation 5. The same tendency was observed in cage 2, where haplotype I with its own nuclear background was nearly fixed (96%) by generation 5. Cage 3 behaved in the opposite way; by generation 5 the frequency of haplotype I was only 9%. Taking into account the large effective population size (about 2000 breeding females in each generation) and how rapid and directional the haplotype frequency changes were, natural selection must be invoked as the causative process for the observed changes. The x2 values for testing (i) random genetic drift acting alone and (ii) linear directional change are shown in Table 1 . There is no evidence Robertson (19) and by simulation studies by Birky and Walsh (20) , that selection in the nucleus interferes to some extent with selection in the mtDNA. The effect of nuclear background on 4200
Evolution: Fos et A mtDNA could explain the rapid change of mtDNA frequencies during the first 12 generations of ref. 5 . By generation 13, when they sampled cage 1 to initiate the other cages, the nuclear background probably was quite homogeneous, with a high proportion of the genes coming from BOG. Given this nuclear composition, an increase in the frequency ofthe BOG haplotype should be expected, which is observed but without statistical significance. The rapid changes observed in our population cage 1 could be also interpreted as due to the additional selective effect of nuclear background on mtDNA.
Our results are of interest for understanding the variability of mtDNA in natural populations. mtDNA haplotypes and fitness differences in the interactions with the nuclear genome lead to natural selection. In turn, genetic drift alters how haplotypes respond to selection.
